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Abstract.  Seven-color  photometry  in  the  Vilnius  system  has  been 
obtained  for  420  stars  down  to  V  =  16  mag  in  the  area  containing  the 
overlapping  open  clusters  NGC  1750  and  NGC  1758  in  Taurus.  Spec¬ 
tral  and  luminosity  classes,  color  excesses,  interstellar  extinctions  and 
distances  are  given  for  287  stars.  The  classification  of  stars  is  based 
on  their  reddening-free  G-parameters.  18  stars  observed  photoelec- 
trically  were  used  as  standards.  The  extinction  vs.  distance  diagram 
exhibits  the  presence  of  one  dust  cloud  at  a  distance  of  175  pc  which 
almost  coincides  with  a  distance  of  other  dust  clouds  in  the  Taurus 
complex.  The  clusters  NGC  1750  and  NGC  1758  are  found  to  be  at 
the  same  distance  of  ~760  pc  and  may  penetrate  each  other.  Their 
interstellar  extinction  Ay  is  1.06  mag  which  corresponds  to  Eb—V  — 
0.34  mag. 

Key  words:  techniques:  photometric:  Vilnius  photometric  system  - 
stars:  fundamental  parameters,  classification  -  ISM:  extinction,  dust 
clouds  -  open  clusters:  individual  objects:  NGC  1750,  NGC  1758 
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1.  INTRODUCTION 

NGC  1750  and  NGC  1758  are  a  pair  of  partly  overlapping  open 
clusters  in  Taurus,  first  investigated  in  the  Vilnius  photometric  sys¬ 
tem  by  Straizys,  Cernis  &;  Meistas  (1992,  hereafter  Paper  I).  Photo¬ 
electric  photometry  of  116  stars  down  to  13th  magnitude  has  revealed 
that  the  clusters  are  at  510  and  680  pc  distances,  respectively.  Inter¬ 
stellar  reddening^ of  both  clusters  was  found  to  be  close  to  0.4 
mag.  The  distance  of  the  dust  layer  responsible  for  the  reddening 
was  found  to  be  at  175  pc.  The  reality  of  the  clusters  was  verified 
by  their  photometric  distances  and  proper  motions  of  the  cluster 
members. 

Paper  I  has  increased  the  interest  in  this  pair  of  clusters.  In  a 
series  of  papers  Galadi-Enriquez  et  al.  (1998a, b,c)  have  confirmed 
the  reality  of  the  two  clusters.  Their  investigation  was  based  on 
stellar  photometry  in  the  UB  VRI  photometric  system  by  CCD  and 
photographic  techniques  down  to  18-20  mag  and  on  the  proper  mo¬ 
tions  of  stars  based  on  a  plate  collection  covering  a  broad  range  of 
epochs  (from  1891  to  1994).  The  lists  of  NGC  1750  and  NGC  1758 
members  down  to  V  —  15  mag  were  composed  containing  79  and 
57  stars  respectively.  For  both  clusters  the  reddening  Eb-v  —  0.34 
mag,  based  on  the  member  stars  measured  by  Straizys  et  al.  (1992) 
in  the  Vilnius  system  and  by  the  authors  in  the  Stromgren  system. 
The  distances  to  the  clusters  were  found  to  be  630  pc  and  760  pc. 
Another  proper  motion  study  in  the  area  was  published  by  Tian  et 
al.  (1998). 

Trying  to  obtain  an  independent  criterion  of  membership  to  both 
clusters,  based  on  photometric  classification  of  stars  in  terms  of  MK 
spectral  and  luminosity  classes,  we  have  started  a  new  investigation 
of  the  cluster  area  in  the  Vilnius  system  by  CCD  photometry,  extend¬ 
ing  photometric  classification  down  to  a  fainter  limit  in  comparison 
to  Paper  I.  Although  the  preliminary  results  of  the  present  study 
were  known  already  in  1995-1996,  the  publication  was  delayed  due 
to  problems  of  flat-fielding  and  CCD  non-linearity. 

2.  CCD  OBSERVATIONS,  REDUCTIONS  AND  RESULTS 

CCD  exposures  of  two  areas  centered  on  NGC  1750  and  NGC 
1758  were  obtained  by  R.  P.  Boyle  and  F.  J.  Vrba  in  1994  with  the 
1-meter  Ritchey  telescope  of  the  Flagstaff  Station  of  the  U.S.  Naval 
Observatory.  A  nitrogen-cooled  Tektronix  chip  of  2048x2048  pixels 
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giving  an  area  of  23'x23'  was  used.  The  filters  of  the  Vilnius  system 
were  combined  from  two  sets.  The  passbands  U,  P,  Y  and  V  were 
set  up  by  square  glass  filters  of  80x80  mm  and  the  passbands  X,  Z 
and  S  were  set  up  by  round  interference  filters  of  60  mm  diameter. 
The  glass  filters  covered  the  whole  CCD  area  without  vignetting 
(23'x23'  field).  The  interference  filters  gave  an  unvignetted  field  of 
20'  diameter.  The  exposure  lengths  were  from  45  min  for  U  to  4  min 
for  Z,  V  and  S. 

For  reductions  the  standard  routines  of  the  IRAF  2.11  software 
package  were  used.  Instrumental  CCD  magnitudes  were  obtained  by 
using  aperture  photometry.  Flat-fielding  corrections  were  obtained 
from  twilight  exposures  with  corrections  obtained  from  multiple  ex¬ 
posures  of  the  standard  field  -  open  cluster  M67  (for  more  details 
see  Laugalys  et  al.  2003).  A  small  non-linearity  in  the  CCD  response 
was  found  and  taken  into  account.  Stars  with  non-symmetrical  im¬ 
ages  were  excluded  from  photometry. 

The  measured  stars  are  identified  in  Figures  1  and  2.  Figure 
3  shows  the  rms  errors  a  for  the  magnitude  V  and  six  color  indices 
calculated  from  the  signal-to-noise  ratios.  For  the  stars  brighter  than 
~14.5  mag  the  values  of  a  in  all  colors  are  <0.01  mag.  For  these  stars 
a  good  classification  accuracy  is  expected.  For  the  majority  of  stars 
down  to  15.5  mag  a  does  not  exceeds  0.02  mag:  their  classification 
should  be  also  of  reasonable  accuracy. 

Instrumental  V  magnitudes  and  U-V,  P-V,  X-V,  Y—V,  Z- 
V  and  V-S  color  indices  were  transformed  to  the  standard  Vilnius 
system  by  color  equations  obtained  for  the  cluster  M67  observed 
during  the  same  nights,  as  the  NGC  1750/1758  area.  The  zero  points 
of  the  transformation  equations  were  fixed  by  18  stars  of  magnitudes 
11-13  measured  photoelectrically  by  A.  Kazlauskas  and  V.  Laugalys 
with  the  1.5-meter  telescope  at  Mount  Lemmon  (Arizona)  in  2001 
(Table  1). 

The  results  of  photometry  for  420  stars  are  given  in  Table  2  which 
lists  the  identification  number,  the  coordinates  for  2000.0,  V  magni¬ 
tudes  and  six  Vilnius  color  indices.  The  last  three  columns  contain 
spectral  types  determined  photometrically,  interstellar  extinctions 
and  distances.  Their  determination  is  described  in  the  next  section. 
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Fig.  1.  Identification  chart  of  the  NGC  1750/1758  area,  western 


part. 
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Fig.  2.  Identification  chart  of  the  NGC  1750/1758  area,  eastern 


part. 
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Fig.  3.  Instrumental  errors  of  magnitudes  and  color  indices  as  a 
function  of  the  magnitude  V. 
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Table  1.  Results  of  photoelectric  photometry  of  standard  stars.  The  numbers  correspond  to  Table  2  and  Figures 
1  and  2. 
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5  3  52.6  23  39  47  15.924  3.455  3.027  2.125  0.813  0.299  0.868  g8/k0 

5  3  53.0  23  35  40  15.727  4.425  3.565  2.539  0.945  0.386  0.986  kl/2  III: 

5  3  53.5  23  35  48  15.837  2.965  2.285  1.727  0.734  0.273  0.716  gO/5 
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298.  5  4  52.6  23  38  37  15.664  2.716  2.090  1.386  0.639  0.221  0.686  £3  V  0.92  2130 

299.  5  4  52.8  23  49  54  12.769  2.807  2.114  1.313  0.610  0.231  0.505  a7  V  1.41  680 

300.  5  4  52.9  23  36  50  13.913  2.740  2.145  1.491  0.670  0.246  0.653  f6  V  0.79  800 
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3.  TWO-DIMENSIONAL  CLASSIFICATION,  INTERSTELLAR 
EXTINCTIONS  AND  DISTANCES 

For  two-dimensional  classification  of  stars  in  terms  of  MK  spec¬ 
tral  types  we  have  used  the  COMPAR  program  written  by  A. 
Kazlauskas.  The  program  compares  interstellar  reddening-free  Q- 
parameters  of  program  stars  with  a  set  of  8500  comparison  stars. 
The  Q-parameters  for  each  star  are  defined  by  the  equation: 


Q 1234  =  (mi  -  m2)  -  {E12/E34)(m3  -  ra4),  (1) 

and 

Ek,Z  (m.fc  Tfl£ )  reddened  {j^k  TflQ  intrinsic-  (2) 

where  m  are  the  magnitudes  in  four  (sometimes  three)  passbands, 
mi  —  ra2  and  m3  —  ra4  are  the  two  color  indices  and  E\2  and  E3± 
are  the  corresponding  color  excesses.  In  the  medium-band  Vilnius 
system  the  ratios  of  color  excesses  depend  slightly  on  spectral  and 
luminosity  classes,  and  this  dependence  is  taken  into  account.  In  cal¬ 
culating  the  Q-parameters,  we  used  the  color  excess  ratios  Ei2/E34 
corresponding  to  the  normal  interstellar  extinction  law  (see  Straizys 
1992).  The  extinction  law,  i.e.,  the  dependence  of  the  extinction  on 
the  wavelength,  is  known  to  be  normal  in  the  Taurus  areas  which  does 
not  contain  dense  molecular  clouds.  The  matching  of  (^-parameters 
leads  to  a  selection  of  some  standard  stars  which  have  a  set  of  Qs 
most  similar  to  those  of  the  program  star.  The  match  quality  is 
characterized  by 

oQ  =  (3) 

where  A Q  are  differences  of  corresponding  Q-parameters  of  the  pro¬ 
gram  star  and  the  standard,  n  is  a  number  of  the  compared  Q- 
parameters  (in  our  case,  n  —  14).  If  the  aQ  value  is  sufficiently 
small  (i.e.,  the  Q  differences  between  the  program  and  the  standard 
star  are  small) ,  the  spectral  and  luminosity  classes  of  the  closest  star 
may  be  prescribed  to  the  program  star.  For  photometry  of  Popu¬ 
lation  I  stars  measured  with  the  1%  accuracy,  aQ  is  usually  of  the 
order  of  ±(0.01  —  0.02)  mag.  In  most  cases,  for  the  program  star 
we  have  accepted  the  average  spectral  and  luminosity  classes  of  the 
three  best  fitted  standard  stars.  The  classification  was  considered  to 
be  acceptable  if  aQ  was  <  0.03  mag.  The  stars  with  >  0.035  were 
suspected  to  be  either  unresolved  binaries  or  peculiar  stars. 
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The  last  three  columns  of  Table  2  give  the  photometric  spectral 
types,  interstellar  extinctions  and  distances  of  the  stars.  The  lower 
case  letters  are  used  to  indicate  that  our  spectral  types  are  deter¬ 
mined  from  photometry  using  the  calibration  in  MK  spectral  types. 
Interstellar  extinctions  were  determined  from  color  excesses: 


Av  =  Ryv  x  EY-v ,  (4) 

where 

Ey^v  =  Y  -  V  —  (Y  —  V)0.  (5) 

The  intrinsic  color  indices  (K-F)o  were  taken  from  Straizys  (1992, 
Tables  66-69)  corresponding  to  the  given  MK  spectral  type.  The 
normal  value  of  the  coefficient  Ryv  =  4.16  was  used.  The  distances 
r  in  parsecs,  given  in  Table  2,  are  calculated  by  the  equation 

5  logr  =  V  -  My  +  5  —  Ay.  (6) 

Absolute  magnitudes  were  taken  from  the  MK  type  versus  My  tab¬ 
ulation  by  Straizys  (1992),  adjusted  to  the  Hyades  distance  modulus 
of  V  —  My  =  3.3.  The  values  of  distances  at  r  >  300  pc  are  rounded 
off  to  the  nearest  number  multiple  of  10. 

Using  the  same  method  we  have  also  classified  all  stars  from 
Paper  I.  Their  newly  determined  spectral  types,  Ay  and  r  values  are 
listed  in  Table  3. 

Figure  4  shows  the  extinctions  Ay  plotted  as  a  function  of  dis¬ 
tances  r  for  the  287  stars  from  Table  2  (dots)  and  for  95  stars  from 
Table  3  (circles).  18  stars  are  common  between  the  two  lists  -  they 
are  plotted  according  to  their  data  from  Table  2,  since  we  consider 
that  CCD  photometry  is  more  accurate  than  photoelectric  photom¬ 
etry  near  the  limiting  magnitude. 

It  is  evident  that  the  extinction  run  with  distance  for  the  stars 
from  both  lists  in  the  overlapping  part  of  the  graph  is  in  perfect 
agreement.  Paper  I  stars  give  information  on  extinction  from  the 
Sun  up  to  ~500  pc,  and  the  CCD  stars  extend  the  information  to 
distances  larger  than  1  kpc.  The  graph  exhibits  the  same  extinction 
level  from  300  pc  up  to  8  kpc.  This  confirms  the  conclusion  of  Paper 
I  that  the  extinction  in  this  direction  originates  in  a  single  dust  cloud 
which  belongs  to  the  Taurus- Auriga  star  forming  complex. 

The  distance  of  the  cloud  can  be  estimated  using  the  nearest 
reddened  stars  and  the  most  distant  unreddened  stars,  taking  into 
account  a  distance  error  of  25%.  The  closest  reddened  star  appears 
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Table  3.  New  photometric  quantification,  extinctions  and  distances  of 
stars  from  Paper  I.  Numbers  are  from  Paper  I. 


No. 

Photom. 
sp.  type 

Ay 

mag 

r 

pc 

No. 

Photom. 
sp.  type 

Ay 

mag 

r 

pc 

1. 

b6  III- IV 

1.25 

570 

43. 

b3  IV 

1.08 

870 

2. 

b3  V 

1.25 

700 

44. 

b9  V 

1.16 

610 

3. 

b3  IV-V 

1.21 

950 

45. 

b6  IV 

1.21 

760 

4. 

g5  V 

0.00 

78 

46. 

b9  III 

1.25 

710 

5. 

g9  III 

1.12 

215 

47. 

b9  IV 

0.92 

760 

6. 

f6  V 

0.00 

161 

48. 

b7  IV 

1.21 

610 

7. 

b8  V 

0.92 

380 

49. 

k3  III 

1.46 

690 

9. 

f5  V 

0.67 

171 

50. 

b7IV 

1.16 

680 

10. 

b3  V 

0.96 

320 

51. 

b8  V 

1.25 

720 

11. 

a3  V 

0.62 

340 

52. 

b7  V 

1.25 

500 

12. 

al  V 

0.92 

243 

53. 

kl  III 

0.62 

217 

13. 

f2  V 

0.75 

242 

54. 

b8  V 

0.96 

640 

14. 

aOV 

1.04 

610 

55. 

g2  V 

0.00 

157 

15. 

b9  III 

0.79 

225 

56. 

b8  V 

1.16 

540 

16. 

kOIII 

1.00 

550 

58. 

aO  IV-V 

1.08 

980 

17. 

gOIV 

0.92 

154 

59. 

a7  V 

0.58 

730 

18. 

f2  III 

0.79 

153 

62. 

b6  IV 

1.12 

680 

19. 

b9.5  V 

1.04 

360 

63. 

al  IV 

1.25 

780 

22. 

b4  V 

1.46 

450 

64. 

g6  IV 

0.58 

660 

23. 

a5  V 

0.42 

208 

65. 

fO  IV: 

0.87 

970 

24. 

b7  V 

0.87 

650 

66. 

b9  V 

1.08 

740 

26. 

aOV 

0.58 

370 

67. 

a2  V 

0.96 

970 

27. 

g2  V 

0.00 

139 

69. 

a6  V 

0.83 

800 

28. 

b9.5  IV 

0.75 

232 

70. 

aO  IV-V 

1.29 

630 

29. 

b8.5  IV 

1.16 

680 

71. 

a3  V 

0.83 

890 

30. 

b6  IV 

1.12 

610 

72. 

al  V 

1.37 

450 

31. 

b8.5  V 

0.96 

470 

74. 

fOV 

1.29 

710 

32. 

b8  IV 

1.41 

680 

75. 

a8  V 

1.16 

670 

34. 

f2  IV-V 

0.67 

224 

76. 

f6  V 

0.75 

730 

35. 

'k2  III 

0.58 

300 

77. 

a6  V 

1.21 

900 

36. 

f5  V 

0.08 

155 

78. 

a7  IV 

1.12 

1160 

37. 

k3.5  III 

1.21 

181 

79. 

a2  V 

0.83 

790 

38. 

b7.5  IV 

1.46 

550 

81. 

al  V 

1.21 

450 

39. 

f8  V 

0.00 

137 

82. 

a5  V 

1.12 

760 

40. 

b7  V 

1.33 

510 

83. 

a7  V 

0.79 

660 

42. 

b7.5  V 

1.25 

420 

84. 

a5  V 

0.87 

940 
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Table  3  (continued) 


No. 

Photom. 
sp.  type 

Ay 

mag 

r 

pc 

No. 

Photom. 
sp.  type 

Ay 

mag 

r 

pc 

85. 

fOV 

0.96 

900 

102. 

b8  V 

0.92 

310 

86. 

a8  V 

0.87 

1040 

104. 

al  III 

1.16 

350 

88. 

a5  V 

0.75 

940 

105. 

f2  V 

0.00 

47 

90. 

f3  III-IV 

0.25 

214 

107. 

b3  IV 

1.62 

560 

91. 

b9  V 

1.04 

670 

108. 

g5V 

0.00 

43 

92. 

a4  V 

0.83 

950 

109. 

g5V 

0.00 

43 

93. 

kO  III 

0.17 

165 

110. 

g6V 

0.00 

50 

94. 

b9  IV 

0.96 

580 

111. 

b5  V 

1.16 

390 

95. 

g9  IV 

0.92 

151 

112. 

b4  V 

1.50 

750 

96. 

b6  V 

0.83 

710 

113. 

a7  III: 

1.04 

241 

98. 

a4  V 

0.79 

550 

115. 

al  V 

0.79 

239 

99. 

f9  V 

0.00 

90 

at  151  pc,  and  this  gives  a  cloud  distance  of  151/0.75  =  201  pc.  The 
most  distant  star  with  small  reddening  (Ay  <  0.25  mag)  is  seen  at 
214  pc,  and  this  gives  a  cloud  distance  of  214/1.25  =  171  pc.  The 
average  value  of  the  two  determinations  is  186  pc.  The  statistical 
significance  of  this  distance  determination  is  relatively  low,  since  it  is 
based  on  the  single  reddened  and  unreddened  stars.  However,  within 
rms  errors  this  distance  coincides  with  the  distance  of  Taurus  clouds 
determined  in  our  earlier  papers  (Straizys  &  Meistas  1980,  Meistas 
&;  Straizys  1981,  Cernis  1987). 

The  average  extinction  of  all  plotted  stars,  more  distant  than 
the  cloud,  is  1.15  mag  with  a  scatter  to  both  sides  of  ±0.6  mag. 
According  to  our  estimate,  the  Ay  error  is  about  ±0.15  mag  only. 
Consequently,  the  observed  amplitude  is  a  result  of  the  real  extinc¬ 
tion  variations  across  the  investigated  area.  The  largest  extinction 
{Ay  =  2.33  mag)  is  found  for  the  k2  III  star  No.  110,  but  classifica¬ 
tion  of  this  star  is  of  low  accuracy  (<rQ  >  0.04  mag). 

The  apparent  changes  of  distribution  of  points  along  the  distance 
in  Figure  4  can  be  explained  by  several  factors  acting  at  the  same 
time  -  the  real  fall  of  star  density  with  increasing  distance  from  the 
galactic  plane,  the  real  concentration  of  stars  at  the  cluster  distances 
and  the  apparent  diminution  of  low  luminosity  stars  and  the  stars  af¬ 
fected  by  interstellar  extinction  due  to  the  limiting  magnitude  effect. 


©  Teorincs  fizikos  ir  astronomijos  institutas  •  Provided  by  the  NASA  Astrophysics  Data  System 


348 


V.  Straizys,  A.  Kazlauskas,  A.  Cerniauskas,  V.  Laugalys  et  al. 


r  (pc) 


Fig.  4.  The  dependence  of  interstellar  extinction  on  distance. 
Dots  are  for  CCD  photometry  and  circles  are  for  photoelectric  photometry. 
The  arrows  at  the  right  edge  are  for  the  stars  whose  distances  exceed  2.5 
kpc. 


The  last  effect  is  demonstrated  in  Figure  4  by  the  limiting  magnitude 
curves  for  IF  =  15  mag  and  for  absolute  magnitudes  corresponding 
to  FOV,  GOV  and  KOV  stars.  The  stars  of  these  spectral  types  in 
Figure  4  are  seen  only  below  the  corresponding  curves.  Most  of  the 
stars  more  distant  than  2  kpc  are  G5-K3  giants. 

4.  DISTANCES  TO  THE  CLUSTERS  AND  CONCLUSIONS 

For  estimation  of  the  distances  to  the  clusters  NGC  1750  and 
NGC  1758  we  have  used  the  lists  of  the  cluster  members  from  Paper 
III  by  Galadi-Enriquez  et  al.  (1998c).  In  Table  3  we  find  42  members 
of  NGC  1750  and  40  members  of  NGC  1758  with  sufficiently  accurate 
classification  and  distances.  The  average  distances  of  these  stars  are: 
740T90  pc  for  NGC  1750  and  793T100  pc  for  NGC  1758.  Thus,  the 
distances  of  both  clusters  coincide  within  the  determination  errors. 
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Fig.  5.  Intrinsic  color  magnitude  diagram  for  the  members  of  the 
clusters  NGC  1750  (dots)  and  NGC  1758  (crosses). 


Both  clusters  show  the  same  value  of  extinction  Ay  —  1.06  mag 
with  the  standard  deviations  of  ±0.16  mag  and  ±0.19  mag  for  NGC 
1750  and  NGC  1758  members,  respectively.  This  corresponds  to 
Eb-v  =  0.34  mag  in  full  agreement  with  the  value  obtained  by 
Galadi- Enriquez  et  al.  (1998c). 

Another  possibility  to  measure  distances  of  the  clusters  is  based 
on  their  HR  diagrams.  Figure  5  shows  the  Vo  vs.  (Y-V) o  diagram 
for  the  cluster  members.  Here  Vo  —  V  -  Ay  and  (T-R)o  =  Y-V  - 
Ey-v ,  i.e.,  magnitudes  and  color  indices  of  stars  are  plotted  after 
exclusion  of  their  individual  extinctions  and  reddenings.  49  mem¬ 
bers  of  NGC  1750  are  plotted  as  dots,  and  40  members  of  NGC  1758 
as  crosses.  The  three  brightest  stars  were  too  bright  for  CCD  pho¬ 
tometry:  their  classification  was  based  on  photoelectric  photometry 
(Table  3).  The  line  is  the  zero-age  main  sequence  (ZAMS)  fitted 
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to  the  unevolved  part  of  the  cluster  sequence  with  a  true  distance 
modulus  of  Vq-Mv  =  9.4. 

The  following  conclusions  can  be  drawn  from  the  HR  diagram 
of  the  clusters. 

(1)  The  stars  of  both  clusters  form  the  same  sequence  with  the 
width  about  1  mag  in  Vo-  This  means  that  distances  of  both  clusters 
are  more  or  less  the  same.  The  scatter  of  points  may  be  caused 
by  evolutionary  effects,  unresolved  duplicity,  different  axial  rotation 
velocities  and  rotation  axes  orientations  or  different  chromospheric 
activity. 

(2)  The  ZAMS  line  shows  that  the  true  distance  modulus  Vo- 
My  =  9.4  mag  is  valid  for  the  common  sequence  of  the  clusters.  The 
stars  brighter  than  Vo  =  12  show  evolutionary  deviation  upwards. 
This  distance  modulus  gives  a  common  distance  of  both  clusters  of 
758  pc,  in  good  accordance  with  the  average  distances  of  the  cluster 
stars. 

(3)  We  also  attempted  to  plot  a  HR  diagram  for  both  clusters 
without  exclusion  of  interstellar  extinction  Ay  and  reddening  Ey-y- 
In  this  case  the  scatter  of  points  in  the  sequence  is  much  larger,  which 
is  undoubtedly  caused  by  the  reddening  differences  across  the  cluster 
faces. 

The  distance  of  the  double  cluster  found  in  the  present  paper  is 
larger  than  the  preliminary  distances  of  both  clusters  found  in  Paper 
I.  This  increase  of  distance  may  be  explained  by  the  fact  that  the 
limiting  magnitude  of  Paper  I  was  too  low  to  reach  the  majority  of 
member  stars  in  both  clusters.  Thus,  the  distance  determination  was 
based  mainly  on  evolved  stars.  Also,  the  accuracy  of  photoelectric 
photometry  of  Paper  I  for  the  stars  of  magnitudes  12-13,  close  to 
the  limiting  magnitude,  was  relatively  low  and  their  classification 
uncertain. 

Thus,  there  are  strong  arguments  that  both  clusters  are  at  the 
same  distance  and  show  the  same  interstellar  reddening.  A  similar 
conclusion  has  been  made  by  Galadi-Enriquez  et  al.  (1998a)  in  their 
first  paper:  it  was  not  possible  to  distinguish  the  single  or  double  na¬ 
ture  of  the  cluster  from  their  UB  VRI  photometry.  However,  proper 
motion  studies  of  Galadi-Enriquez  et  al.  ( 1998b, c)  and  Tian  et  al. 
(1998)  show  the  presence  here  of  two  populations  with  somewhat 
different  directions  of  movement.  Thus,  the  presence  of  two  clusters 
in  this  direction  seems  to  be  real.  However,  it  is  not  excluded  that 
they  penetrate  each  other. 
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